UNCLASSIFIED

o 434820

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION. ALEXANDRIA. VIRGINIA

UNCLASSIFIED




NOTICE: When government or other drewings, speci-
fications or cther data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. 8.
Government thereby incurs no responsidility, nor any
obligation vhatsoever; and the fact that the Govern-
ment may bhave formulated, furnished, or in any way
supplied the said dravings, specifications, or other
data is not to de regarded dy implication or other-
vise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any wvay be related
thereto.



SEL-63-121

S
A\

o0 : :
S The Design of Wideband

¢~ Transistor Amplifiers by an Extension

%t of the Sampled-Parameter Technique

JUU

LI T

LA TALE

T

l G. Danon and K. Sorenson

L

November 1963

AS AU [

Technical Report No. 4815-1

Prepared under

Office of Naval Research Contract

Nonr-225(24), NR 373 360

Jointly supported by the U.S. Army Signal Corps, the

U.S. Air Force, and the U.S. Navy
(Office of Naval Research) D C 2 rE) Ws:ﬂﬂ——’
APR 14 1081
EOEI VS
TISA €

SOLD-STATE ELECTRONICS LABORATORY
STANFORD ELECTRONICS LABORATORIES

STRRFORD UNIVERSITY - STANFORD, CRLIFORNIA

NO OTS




DDC AVAILABILITY NOTICE

Qualified requesters may obtain copies of this
report from DDC. Foreign announcement and
dissemination of this report by DDC is limited.



THE DESIGN OF WIDEBAND TRANSISTOR AMPLIFIERS
BY AN EXTENSION OF THE SAMPLED-PARAMETER TECHNIQUE

by

G. Danon and K. Sorenson

November 1963

Reproduction in whole or in part
is permitted for any purpose of
the United States Government.

Technical Report No. 4815-1

Prepared under
Office of Naval Research Contract
Nonr-225(24), NR 373 360
Jointly supported by the U.S, Army Signal Corps, the
U.S. Air Force, and the U.S. Navy
(Office of Naval Research)

Solid-State Electronics Laboratory
Stanford Electronics Laboratories
Stanford University Stanford, California

SEL-63-121



ABSTRACT

The experiments conducted in nuclear physics laboratories often
require the design of fast-pulse amplifiers. Recent transistors offer
new capabilities in this field. The work presented here centers on the
design of such amplifiers by the sampled-parameter technique, in which
the transistor is characterized by two-port parameters measured at a set
of frequencies through the frequency band of interest. The feedback and
coupling networks are selected by computations based on these sampled
parameters., An application of this technique has led to an iterative

stage using a 2N918 transistor and having the following characteristics:

1. Iterative impedance ........... e et s 50 ohms

2. Inseriion power gain .........c.ieenveevenscssncnn 10 db

3. Bandwidth .............. eseesssanesasessaseeess. 400 Mc

4. Rise time ....... T T 1 nsec

5. Overshoot .....,... et eee et e s e .. <10 percent
6. Noise factor (throughout the band)............... 8-10 db

7. Output level, negative pulse ........cce0:0000.... =500 mv

8. Output level, positive pulse ..........v000000... 200 mv

An amplifier of three such stages, cascaded, provided a gain of 30 db,

a rise time of 1 nsec, and a bandwidth of 400 Mc.
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I. INTRODUCTION

A. PULSE AMPLIFIERS IN NUCLEAR PHYSICS

Experiments in high-energy physics have made necessary, in recent
years, the design of amplifiers for faster and faster pulses. Such
amplifiers are placed at the output of photomultipliers (Fig. 1) in
order to drive a coincidence circuit, or, in some other experiments,
the coincidence circuit is placed at the output of the photomultiplier
while the pulse amplifier is supposed to realize the pulse shaping and

the pulse amplifying before the signal goes to the scaler.

B. RECENT ADVANCES IN TRANSISTOR TECHNOLOGY

Until recently, only the vacuum tube could give a rise time of ap-
proximately 1 nsec. Recent advances in the transistor field make it
possible for transistors to replace tubes advantageously. Some transis-
tors with a maximum oscillation frequency greater than 2 Gc are now com-
mercially available. Because of their small size, one can place, for
some experiments, up to 10 or 12 transistor amplifiers very close to
the scintillators, thus avoiding carrying a low-level signal along a
100-yard cable from the target area to the measurements area, Moreover,
some recent work seems to indicate that the transistor behavior remains
satisfactory even if it has been submitted to nuclear radiations for a
"reasonable” length of time.

The above remarks explain why the electronics engineers in nuclear
physics laboratories have been so deeply interested, among other things,

in the design of wideband transistor amplifiers.

C. CONTINUOUS-WAVE RESPONSE AND PULSE RESPONSE

As is generally the case, this study was more concerned with band-
width than pulse response. The reason for this is that it is very dif-
ficult to establish a link between desired output pulse characteristics
and the location of transfer—-function poles and zeros, Once the band-
width is attained, the phase response can be modified by using an all-
pass phase equalizer, as discussed by Fogarty [Ref, 1], or by modifying

-1- SEL-63-121
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FIG. 1. ELECTRONIC APPARATUS FOR A NUCLEAR-PHYSICS EXPERIMENT.
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the bandwidth experimentally. In the case of the 400-Mc, l-nsec ampli-
fier, it was not necessary to rely on these techniques, since the pulse

overshoot (< 10 percent) was small enough for the intended application.

D. SOME RECENT ACHIEVEMENTS
Many pulse-amplifier designs are to be found in the literature.
Some of the most notable results and the references reporting them are

indicated below:

Reference Transistor Power Gain Bandwidth
Number fdb{stage! §Mc!
2 M 2039 10 130
Western
Electric
fT = 400 Mc
3 2N917 6 2 nsec
Fairchild rise time
f_ = 800 Mc
T
4 M 2107 6 750
Western
Electric
fT=ZGC
5 M 2058 7 200
Western
Electric
fT = 550 Mc

E. TWO DIFFERENT POSSIBLE APPROACHES TO THE PROBLEM

Two main ways of approaching the problem are considered:

1. The transistor is represented by a model including R's, C's, and
controlled sources. An attempt is made to determine the emitter
current, the load and source impedances which give the maximum
gain-bandwidth product, and the values of the associated circuit
elements which correspond to a prescribed location for the poles
of the transfer function (generally the "maximally flat" location).

2, The transistor is represented by a set of sampled matrix parameters,
actually measured at a given value of emitter current. This pro-
cedure is J. G, Linvill's sampled-parameter method, the basic ideas
of which are developed in Transistors and Active Circuits, by Lin-
vill and Gibbons [Ref. 6].

-3 - SEL-63-121




The first method has the advantage of representing a physical system
with a model: it allows a mathematical analysis and the associated cir-
cuit synthesis through the conventional techniques of network synthesis.
It is also true, however, that this approach is only as good as the model,
and generally raises the question of whether to use a simple model of
limited validity or a more complex model requiring more complicated com-
putations.

In the second approach the limitations on the validity of the tran-
sistor model pose no problem because one is operating directly on the
measured transistor parameters, (See Fig. 2.) On the other hand, a
set of matrix parameters can hardly be used as a guide in the choice of
the type of associated circuits. It thus appears that good results may
be achieved by combining the two approaches.

Linvill's method consists in "roughing out" the problem with a very
simple equivalent.circuit. This first step leads to an appropriate cir-
cuit configurgtion and gives orders of magnitude for the gain and the
bandwidth. A further step, using the sampled parameters, leads to more

precise values,

APPROX IMATION

MEASURENENTS CALCULATIOKS
(> o ey
TRANS1STOR PARAMETERS MODEL
- -
TRANS ) STOR TRANSISTOR PARAMETERS ASSOCIATED CIRCUITS
MEASUREMENTS CALCULATIONS

FIG. 2, TWO DIFFERENT APPROACHES TO THE DESIGN OF WIDEBAND AMPLIFIERS,

SEL-63-121 -4 -



*
II, LINVILL'S LM CHART

A. THE LM PLANE ‘

The two-port parameters and terminal variables are related as follows:

I, = y11E1 + y12E; (1)

I, y21E1 + y22E; (2)

It is convenient to consider a unit driving voltage:

Ey =1+ jO (3a)

The output voltage E; can be conveniently defined in terms of
variables L and M in the following way. Moreover, the load admit-

tance is found to be related to L and M.

I 1
E2=(L+JM)5§:§;=-§1 (3b)
L

B. THE Po(L,M) PARABOLOID AND THE Pj(L,M) PLANE

The output power

Po = Re (-El1,) = L Lyaal? _ (17 + M?)| yz,|® (4)

2ys2r 4y¥a2r

Po(L,M) is a paraboloid, and the coordinates of its summit are (1,0)

where Py is designated as Pgy(.

Poo = Lyaal® (5) ‘

4yz2r

* The problem of selecting (by the sampled-parameter technique) source
and load terminations of amplifiers to provide a realizable prescribed gain
is discussed in Chapters 11, 18, and 19 of Transistors and Active Circuits
[Ref. 6]. The reader is referred to that reference for background and de-
tails, The framework and notation of the reference is outlined in this
section because subsequent development in this report extends the method.
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The input power

* _ “¥iz¥ad Yaz¥zl
Py = Re EyI1 = yiir + L Re 2ya2ar + M Im 2yzar (6)

P&(L,M) is an inclined plane. Its gradient line makes an angle ©
with the L axis such that

6 = - arg (-y12¥21) (7)
When L =1 and M = 0, Py = Pj0 = 2yiir yhgy- Re fXJzZzJ! (8)
22y

The coordinates L = 1, M 0 correspond to

Y, = vy P, =P, Po = Po0 (9)
The two-port is potentially unstable when (Po0/Pi0) < O, or when the

critical factor

Yiz
yz21

C_Z_PQ_Q
I
i0

>1 (10)

Moreover, when C < 1, the maximum available gain (YS = Yin and YL = YZ)
is never larger than 2(Po0/Pi0).

C. THE LOAD ADMITTANCE (YL) IN THE LM PLANE

The load admittance is found to be

2ya2r (11)

Y = - +
LT TR

and G + jB is defined in the following way:

= 2Y22r _ .
Yy, + Ya2 = g =G+ 3B (12)

Thus a load admittance YL is determined by any one of three sets of co-
ordinates-- (YLr’YLi)’ (L,m), or (G,B), and we can draw in the IM
plane the constant G and the constant B circles. The chart thus ob-
tained (Fig. 3) is a very simplified version of Linvill's chart but it
contains all the elements which will be needed for the particular pur-

pose of this discussion.

SEL-63-121 -6 -



Yoty T G I8

FIG. 3. LOAD ADMITTANCE IN THE LM PLANE.

D. THE CONSTANT-g CIRCLES

From the charts shown in Fig. 4 two new axes, x and y, are chosen
such that their origin lies at L = 1, M = 0, and such that their angles
with the L axis are 6 and 6 + (n/2).

The locus of points for which g = (Po/Po0)/(Pi/Pip) is constant is
a circle:

1 -g(1+Cx)=x%+ y? (13)

The circles which correspond to different values of g have two

points in common if C > 1 (Fig. 4a), and no point in common if C < 1
(Fig. 4b).
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I1I. THE R-L COLLECTOR-TO-BASE FEEDBACK

The first step in the design of a broadband amplifier can now be
undertaken, With a given transistor,a simple equivalent circuit will be
used in order to determine approximately the power gain per stage, the

bandwidth, and the elements of the electrical circuits.

A. AN EQUIVALENT CIRCUIT FOR THE 2N918 TRANSISTOR

The 2N918, which is used in the broadband amplifier, is a Fairchild
NPN silicon, planar epitaxial, double-diffused transistor. (Total max-
imum power dissipation = 200 mw at 25 oc ambient, Vogg = 30 v, and
IC max = 50 ma.) Table 1 lists the sampled y parameters of this
transistor as they can be inferred from the Fairchild data sheet of

May, 1962. (The 10-Mc parameters have been added.)

TABLE 1. SAMPLED y PARAMETERS OF THE FAIRCHILD 2N918 TRANSISTOR

(1E = 5 ma, Vo = 10.0 v)

£ Parameter (mmho)
(Mc) y11 ylz yzl y22

10 1.7 + jO.65 -0,01 - jO.07 See Footnote 0.08 + jO,13

50 2.5 + j2.5 0,00 - jO.3 80.0 - j60.0 0.1 + jl.0
100 5.0 + j5.0 0.00 - jO.7 40.0 - j60,0 0.2 + jl1.3
200 8.0 + j8.0 0.00 - j1.3 25.0 - j55.0 0.5 + j2.5
300 | 10,0 + j10.0 ~-0.1 - j2.0 15.0 - j47.0 0.6 + j3.5
400 | 12.0 + j12.0 -0.2 - j2.7 7.0 - j43.0 { 0.8 + j4.5
500 | 17.0 + jl4.0 | -0.4 - j3.4 0.0 - j40.0 | 1.0 + j6.0

*
gn = 100.0 + j40.0 at 10 Mc.

Reading this table makes an important fact apparent: While
ylzi(f) is approximately a linear function of frequency, ylzr(f) is
approximately a parabolic function. This fact suggests that a n equiv-
alent circuit (Fig. 5) can be used, the feedback admittance being an

rc—Cc series circuit with rcch < 1.

-9 - SEL-63-121
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r - ——————
] c c ¢ Y12 T+ irCor
i Ytz

Y2 Y22t V2
InVaE i
€ 9 Y2

FIG. 5. A x EQUIVALENT CIRCUIT FOR THE 2N918 TRANSISTOR.

For such a circuit the following expression can be written:

JCow
- - —— 2 .
ylz T 1+ Jrcccw = rcCcm * Jccw (14)
By comparison of the above expression with the parameters in Table 1,

one can calculate that:
C. =1 pf r. = 30 ohms (15)

At a very low frequency (f = 10 Mc), the transistor can be represented
by the circuit shown in Fig. 6.
At high frequencies, the transistor can be represented by the circuit

in Fig. 7, in which

y =y _+dy .=y +y (16)

y =y +3y =y +7VY (17)

and g, 1is complex. The parameters y and Yor can be computed from

ir

y
1i
lated since they do not influence the value of (poO/PiO)'

Table 1 in Sec. IIIA. The parameters and Y4 need not be calcu-

SEL-63-121 - 10 -
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Yir Yii '3
—— —
1
Yip U7 smho

9 100 + j40 mmho

a. The squivalent circuit at 10 Mc

Y
F
V' - WA P
1.7 mmho i' Yy

b. The equivalent circuit with feedback
at 10 Mc

Y (mmho)

c. Power gain p vs YF at 10 Mc

FIG. 6. TRANSISTOR MODEL FOR A FREQUENCY OF 10 Mc,
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b.

c.

FIG.

— ’mvﬂ

Cc 1.0 pf

Yir i Y2r Y2i

An equivalent circuit for the 28918 transistor without
external feedback

Yor LYY

Tuning C. by means of external feedback

\ +
juovg L Yar *F

Resul tant equivalent circuit at amplifier cutoff

frequency ‘e

7. TRANSISTOR MODEL FOR HIGH FREQUENCIES.
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B. THE INFLUENCE OF COLLECTOR-TO-BASE FEEDBACK

The influence of feedback at a low frequency (10Mc) is considered
first., 1In the circuit of Fig. 6b, Yy is the load conductance, (At 1ow
frequencies the characteristic admittance Yx = the load admittance YL.)
Yp is the feedback conductance (1 < Yp < 10 mmho), and p(Yg, Yp) is the
power gain of the stage (Fig. 6b). Choosing, for example, Yg = 20 mmho,
we can plot p(Yp) as shown in Fig. 6c.

It can be seen that when the stage is loaded with 50 ohms, a 200-ohm
feedback resistor from collector to base will reduce the gain to 10 db,

while the input impedance will come close to 50 ohms. Thus it seems

feasible (at least at low frequencies) to design a 50-ohm iterative stage.

The maximum bandwidth which can be expected is determined next. From
the equivalent circuit shown in Fig. 7, the values of Yip and Yor for

frequencies between 200 and 500 Mc are obtained (see Table 2).

TABLE 2. VALUES OF Yir AND Yor FOR THE 2N918 TRANSISTOR

Parameter Frequency {Mc)
(mmho) 200 300 400 500
y 8 10 12 17
ir
Yar 0.5 0.5 0.6 0.6

Now C, = 1 pf is tuned with an Rp- Ly series circuit (Rp = 200 ohms),
and Yy is chosen such that Yy = vy, (Fig. 7b). The stage power gain now
nears the maximum value that can be expected with a given Ry (determined
by the low-frequency requirements)., To calculate this maximum value,
note that C,, Rgp, and Ly make a resonant circuit which can be replaced
by a conductance RpCZuZ, w, being the cutoff frequency of the amplifier
to be determined. This conductance does not modify y21 appreciably, but
it does modify y22 and yll. Moreover, within the frequency range of 200
to 500 Mc, y = -3j40, the "Miller effect" does not modify Yin r+ and
thus the con;tctance RFCcmz can be removed and merely placed in parallel

with and with Fig. 7c¢).
Yor Y. (Fig. 7¢c)

- 13 - SEL-63-121




Table 3 contains the results of calculating

v =y _+ v (18)
1lr ir
y' =y + yF (19)
2r 2r

and the corresponding value of (Poo/PiO), Y, having been chosen such
that Y = y!
S AR AP
P ,,l? 400
7 “3 ~ s (20)

- 2Re(y y ) y
12 21

4
i0 yllryzzr ir’er

1 t
TABLE 3. COMPUTED VALUES OF y! , y! , ANDP_ /P .

Parameter Frequency (Mc)
200 300 400 500

yir (mmho) | 8.3 | 10.8 | 13.2 19

y' (mmho)| 0.8 1.3 1.8 2.6
2r

P
20 (gp) 18 | 14.5 12 9

piO

From the above table it is seen that a 10-db power gain up to about
400 Mc can be expected. For this cutoff frequency, the tuning induct-
ance LF = 160 nh and the input impedance is approximately 76 ohms.

(y' = 13.2 mmho). When used in a 50-ohm system the power loss resulting
fr;; mismatch at the input would be less than 0.2 db, provided that an
appropriate output coupling is designed.

Thus, a very simple equivalent circuit has provided orders of mag-
nitude for Ry (200 ohms), Lp (160 nh), for the gain-bandwidth product
(1200 Mc), and for the characteristic impedance (50 ohms). But it is
still not known what the frequency response will be between f = 0 and
f = 400 Mc. For a given transistor and feedback network, the response
will depend mainly on the interstage filter. However, for a given inter-
stage filter, it is possible to vary the frequency response by modifying
the feedback circuit.

SEL-63-121 - 14 -



The following observations can be made on the basis of what has al-
ready been learned from the equivalent circuit.

1. A frequency-response curve similar to that represented in Fig. 8a
can be smoothed with two inductors in the feedback circuit, one
being a ferrite coil and the other an air coil (Fig. 8b). While
the air coil tunes C, at 400 Mc, the ferrite coil tunes C, at
a lower frequency 1, the material being chosen such that the
corresponding inductance is negligible at 400 Mc.

2, A frequency-response curve similar to that represented in Fig. 8c
can be smoothed with a parallel damping resistor Rp.

The foregoing ideas based on the transistor equivalent circuit were
not developed mathematically. Qualitative considerations of those ideas,

however, were very helpful during the experimental step of our procedure.

C. THE CONSTANT-(Po0/Pio) CIRCLES

The second step in the computations will lead to more precise values
for Ly, Rp, the maximum gain-bandwidth product, and to the design of

the interstage two-port.

Consider again the expression for (PQO/Pio) [Ref. 6, p. 248]:

p00= lygllz

3 - 2R
Pio 4V . ¥ ely v )

(21)

1llr 22r

In this relation, [y] is the matrix of a two-port which is shunted by
an Rp-Lp circuit (Fig. 9). That is,

[y] = [yp) + [yf) (22)
Y VP
where YFi = -y y (23)
F F
1
and Yp = Rp + Jlp - gr + Jbf (24)

- 15 - SEL-63-121
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Thus,

v

- - H 2
00 _ | ¥pr = 8 = 3% |
10 A0y, ot8p) (v, 1*8p) - 2 Re (v ) (¥, 7¥g)

o

= (y.r778p)% + (vp5477bp)?
4 N R
(yuﬂ,+gF)(y”rT+gF) 2{(y,, ,-8p)(y

21T 8p) " (v, iT-bF)(yzliT-bF)}

(25)
R L
. ° — — L T—
= fy]
[YT] -
g ™ %ransistor ] * ‘ — 7

) = Iygd + [yg)

FIG. 9. MATRIX OF A TRANSISTOR SHUNTED BY AN RF-LF CIRCUIT.

For a given value of (P, g/P;g) = p, the above relation is the equation
of a circle. This fact suggests a simple method of determining Rp,
Lp, and p. Consider, on a Smith chart (Fig. 10), the constant Ry
circles, For each of these values of Rgp (Fig. 6c), there is one value
for p (low—frequency power gain with a given value of YK)' The con-
stant (P,o/P;o) circles can be drawn on the same chart. For a given
desired power gain p, Rp must be simultaneously on the two corres-
ponding circles. Figure 10 clearly shows that the highest value for p
corresponds to two tangent circles and that any lower value will lead to
two values for Rp (and Lp).

Thus, for a given value of Yy, knowledge of the y parameters at a
very low frequency f, and the y parameters at any other frequency
f leads, in a straightforward way, to an estimation of the maximum
power gain (within 3 db) which can be expected from a video amplifier

having a bandwidth B = f - f,, and to knowledge of the Rp- Ly feedback
circuit,
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FIG. 10. SUPERPOSITION OF THE CONSTANT LOW-FREQUENCY AND HIGH-FREQUENCY
POWER-GAIN CIRCLES. 1In this illustration the highest value for the
power gain, Phax’ corresponds to the two tangent circles for which
p = 16 db,
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IV. DETERMINATION OF Yy,(f) AND THE INTERSTAGE NETWORK

A, THE MAPPING OF Y;: CONSTANT~p CIRCLES AND CONSTANT-p CIRCLES

At this point, Rp and Ly are known, and for a required bandwidth
B, the maximum power gain p which can be expected with a given load

admittance YL = Yy is also known. The transistor with its feedback
circuit now behaves like a new transistor, characterized by y para-

meters for a set of sampled frequencies. The following question shall
now be answered. How can the interstage filter be designed in order to
achieve, in the band B (Fig. 11), a constant input admittance Yin = Y,

and a constant power gain p 7

INPUT POWER pi(f) OUTPUT POWER Do(f)
Pmmacteng TRANS | STOR INTERSTAGE @
Yinput + FILTER
[L‘ FEEDBACK "'l - ¢ Y«
W

FIG. 11. BLOCK DIAGRAM OF THE COMPLETE AMPLIFIER STAGE. The general

requirements are that Yinput =Y, and PO/P1 = p.

1. The Input-Admittance Requirement

An arbitrary value p, 1is chosen for the input reflection co-
efficient, and the new requirement on the input admittance Yin is
formulated by stating that, for any frequency, the input admittance of
the amplifier must lie on a Smith chart, inside the constant p, circle.

But it is known that Yin 1s related to Yy in the following way:

yIIyIJ
YL = =y Y -y (26)
22 in"Yq,
Thus, two circles that correspond to each other can be drawn on two

separate Smith charts (Fig. 12), one for the input admittance and one
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for the load admittance. For any load admittance inside the right shaded
circle, the transistor will present an input reflection coefficient less

than p, -

2, The Power-Gain Requirement

It is specified that within the band B, the stage power gain
must not differ from p by more than Ap. That is,

p - Ap s stage power gain s p + Ap

But it is known that on the IM plane, and consequently on a Smith chart
(Fig. 13), the load admittances Yj that provide power gains p - Ap
and p + Ap are located on two circles. The load admittances that pro-
vide power gains between those two values are to be found between those
two circles.

If both the input-admittance requirement and the power-gain re-
quirement are to be taken into account simultaneously, YL must be chosen
inside the region that belongs to the two regions just specified. This
region will be the permissible region for Y; at a frequency f (Fig. 14).

Proceeding in the same way for each sampled frequency leads to as
many permissible regions as there are sampled frequencies. These regions
will be drawn on a single Smith chart (Fig. 15), or more effectively, on
two superimposed reversed Smith charts, as shown in Fig. 20. (See also

Chapter 14 of Ref. 6.)

B. THE INTERSTAGE NETWORK

The interstage network (Fig. 11) transforms Yy into Y (f). A
ladder type, nondissipative filter will be chosen. Usually a single =«
(or & T) section will give satisfactory results (Fig. 16). Although
some advanced mathematical methods are available for the design of such
a ladder [Ref. 6, Chap. 14], experience shows that a few trials on the
Smith chart will bring the input admittances at the different frequencies
inside the corresponding permissible regions. Finally one arrives at
the stage represented in Fig. 17. It will be found later that, for the
400-Mc amplifier, the interstage filter can be reduced to a single in-
ductor. The design and realization of such an amplifier will be consid-

erad in the next chapter,
- 21 - SEL-63-1321



j

[} ith char
FIG. 13. THE POWER-GAIN REQUIREMENTS. ‘The shaded regions are the loci
ower gains between p - Ap and p + Ap.



FIG. 14, THE PERMISSIBLE REGION FOR Y = AT A GIVEN FREQUENCY. To meet
the requirements on both power gain and input admittance, YL must be
located in the shaded region.

-j.L

~le

F1G. 15. THE PERMISSIBLE REGIONS FOR Y FOR SEVERAL FREQUENCIES. The
interstage network transforms Y, into YL(f) such that for the
sampled frequencies f. ., f f f ., YL's image on the chart

L 13
comes into the corresponding shaaed region.
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yL(f)-o K

Y ()~

]
+—i

FIG. 16. THE INTERSTAGE NETWORK.

FIG. 17. AN ITERATIVE SINGLE-STAGE AMPLIFIER.
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V. A 400-Mc, 30-db TRANSISTOR AMPLIFIER

A. THE STEP-BY-STEP PROCEDURE

The step-by-step procedure leading to the design of a 400-Mc, 30-db

transistor amplifier is now presented.

1, The 2N918 y Parameters

In Table 4 the sampled y parameters of the 2N918 transistor

are restated for reference purposes.

TABLE 4. RESTATEMENT OF THE SAMPLED PARAMETERS OF THE
2N918 TRANSISTOR, [YT]if)

(IE = 5ma, Vo, = 10 v)

CE

Parameter (mmho)
Frequency
(Mc) Y11 Vi V21 Vo2
10 1.7 + jO.65 -0.01 - jO.07 See Footnote 0.08 + jO.13
50 2.5 + j2.5 0.0 - jO.3 80 - j60 0.1 + jl
100 5 + 35 0.0 - jO.7 40 - j60 0.2 + j1.3
200 8 + j8 0.0 - j1.3 25 - 355 0.5 + j2.5
300 10 + jl0 -0.1 - j2 15 - ja7 0.6 + j3.5
400 12 + jl2 -0.2 - j2.7 7 - j43 0.8 + j4.5
500 17+ jl4 -0.4 - j3.4 0.0- j40 1+ j6
*
|n | = 62.5 at 10 Mc.
21

2, Determining the Feedback Circuit

Figure 18 contains, in the Yp plane, the constant power-gain
circles for Yp = 20 mmho and for a very low frequency (10 Mc). These
circles correspond to p = 9, 10, 11 and 12 db. Also contained in the
Yp plane are the constant (PoO/Pio) circles for f = 400 Mc. Consider-
ing the intersections of these circles, it is seen that p = 11 db could
be chosen, but since the transistor y parameters specified in Table 4
are merely typical parameters, p 1is chosen to be 10 db. It is to be
noted further that in Fig. 18 there are two intersections of the 10-db
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circles, thus yielding two solutions for the normalized feedback impedance:

Zp noym = 9-7 + 35.0

and (27)
= 0.7 + jO.5

ZF norm

FIG. 18. THE Y, PLANE (NORMALIZED TO 5 mmho). Y, = 20 mmho; f = 400 Mc;

11 db < p <"12 db. Choosing p = 10 db gives 2Z_ = 0.7 + jO.5 or
ma F
z. = 0.7 ¥°35.0.
F
In order to preserve midband gain, Zp . m = 0.7 + j5.0 1is chosen.
Zp = (0.7 + j5.0) x 200 = 140 + j1000 ohms (28)

RF = 140 ohms

Lp

(29)

0.4 ph

The feedback admittance YF(f) is calculated from the foregoing values
for Ry and LF , and the results are listed in Table 5.
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TABLE 5. VARIATION OF Yp WITH FREQUENCY

Parameter Frequency (Mc)

50 100 200 300 400
YF(norm)* 0.8-j0.7 0.35-30.6 0.1-30,.37 0.05-3j0.25 0.03-40.2
YF(mmho) 4 -3j3.5 1.75-33.0 0.5-31.85 0.25-3j1.25 0.15-3j1.0

*
Normalized to 5 mmho.

3. The Constant-g Circles

The

connected (Table 6) can now be determined.

y parameters of the transistor with its feedback circuit

TABLE 6. THE y PARAMETERS OF THE TRANSISTOR WITH
FEEDBACK CIRCUIT CONNECTED
[y1(2) = [ypl(£) + [ygl(£)
Frequency Parameter (mmho)
(Mc) y y y
11 12 21 22

10 - - - -

50 6.5 - j1.0 | -4.0 + j3.2 | 76 - j57 - j2.5
100 6.75 + j2.0 | -1.75 + j2.3 | 38 - j57 - j1.7
200 8.5 + j6.15 -0.5 + jO.6 25 - j53 + jO.65
300 10.3 + j8.8 -0.35 - jO.75! 15 - j46 + j2.3
400 12,2 + jl1 -0.35 - j1.7 7 - j42 + j3.5

On the IM plane, the constant-g circles for

f = 100, 200, 300, and

400 Mc are plotted in Fig. 19 using the following relationships:

x2 + y2 =1 -g(1 + Cx)

(p /P,) P
§ 7 oolPio) - PofPig)

h (p00§p10)

10 (10 db)

In the present situation, p = and Ap = 1 db.

- 27 -
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0. =100 M¢; Co2; §-75° $§

b. 12200 M¢; G+2.6; B+90°

M
™
9db x
0d
11db
x
L /‘\/
10 o * -
10 dd
d. f= 400 Mc
MAXIMUM AVAILABLE GAIN=11.9db. IN ORDER
TO BE SURE TO OBTAIN AT LEAST 10db AT
€. f+300Mc 400 Mc, Y IS CHOSEN TO BE INSIDE THE

10db GIRCLE.

FIG. 19. THE CONSTANT-g CIRCLES.

4. The Constant-p Circles

With p = 1/3, the insertion power loss is less than 0.5 db.
The constant-p circles and the constant-g circles are plotted in Fig. 20,

using Smith-chart coordinates for Yj .
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5. The Interatage Network

A few investigations lead to the two-port shown in Fig, 21.#
The input admittance of this two-port, when loaded with Yy , falls into
the regions determined in Fig. 20,

60 nh

0.8 pf 50 ohms

FIG. 21. THE INTERSTAGE NETWORK
FOR THE 400-Mc AMPLIFIER.

B. BRIDGE MEASUREMENTS

After arriving at design values for the individual circuit elements,

the following bridge measurements are made: *¥

1. Measurements of the transistor y parameters,

2. Measurements of the y parameters of the transistor with feedback
circuit connected, adjusting the feedback circuit so that the
parameters approach the design values as closely as possible, and

3. Measurements of the y parameters of the complete stage, consisting
of transistor, feedback circuit, and interstage network. During
these measurements the interstage inductor can be adjusted so that
the y parameters of the complete circuit correspond to an iterative
structure with a characteristic impedance of 50 ohms and an in-
sertion gain of 10 db.

For an extensive discussion of the design of coupling networks, see
Chap. 14 of Transistors and Active Circuits, by Linvill and Gibbons [Ref.6)

** A General Radio 1607-A Transfer-Function and Immittance Bridge was used
for these measurements during the realization of the 400-Mc amplifier
described in this report.
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During the course of these measurements and adjustments, it is helpful
to keep in mind the fact that, at high frequencies, the circuit elements
behave like distributed rather than lumped elements.

C. PRACTICAL DATA

A detailed schematic circuit of the 400-Mc amplifier realized by
the foregoing methods is shown in Fig., 22, Slight adjustments of the
emitter currents were used to improve the response shape. In order to
permit transistor interchangeability, voltage and current adjustments
were provided for each stage.

Figure 23 is a photograph of the amplifier. Shields were used be-
tween stages, each emitter was grounded with a very short connection,
and each transistor case was grounded. Stand-off insulators and transis-
tor sockets were avoided, except for a teflon stand-off insulator used
at the base of the input transistor The base leads of the second and
third transistors were connected directly to 50-ohm bulkhead female
microconnectors in order to permit optional independent connection to

any one of the individual stages.

D. FINAL SUMMARY OF AMPLIFIER PERFORMANCE

Figures 24 through 31 summarize the performance of the 400-Mc¢ ampli-
fier. From these figures it can be seen that the three-stage amplifier
has a gain of 30 db, a rise time of 1 nsec, and an overshoot of less than
10 percent.

The three original transistors were replaced by three others. Slight
modifications of the emitter currents made it possible to regain the
original amplifier characteristics, the adjustment process being rapidly
"convergent" when carried out using a sweep-frequency generator. Although
such a single trial cannot be considered conclusive, it indicates that the

amplifier might be reproducible on a production basis.
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Ty T2 Ty

1.R.C. THFR™ HIGH-FREQUENCY RESISTORS, 2.2K, |/4 w

1.R.C. THFR™ HIQH-FREQUENCY RESISTORS, 1.0K, 1/4 w

1.R.C. "HFR™ HIGH-FREQUENCY RESISTORS, 270 OHMS, 1/4 w

1.R.C. 'HFR™ HiGH-FREQUENCY RESISTORS, 150 OHMS, 1/4 w

7 TURNS NO. 20 AWG SOLID TINNED WIRE, 1™ LONG, 5/32" INSIDE DIAMETER

5-1/2 TURNS NO. 20 AWG SOLID TINNED WIRE IN TEFLON SLEEVE WOUND ON GENERAL CERAMICS TOROID
#CF103 (1/2™0D x 9/32 1D x 3/32" THICK), Q-3 MATERIAL
6 TURNS # 20 AWG, SOLID TINNED WIRE, 19/32" LONG x 5/32" INSIDE DIAMETER

0.01 ..f CERAMIC DISC CAPACITORS
0.01 .f CERAMIC DISC CAPACITORS

CERAMIC FEED-THROUGH CAPACITORS - 1500 pf
AVALANCHE PROTECTIVE DIODE TYPE IN720,- 18 v NOMINAL BREAKDOWN

FAIRCHILD 2W918

FIG, 22, SCHEMATIC CIRCUIT OF THE 400-Mc AMPLIFIER.
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FIG. 23. PHOTOGRAPH OF THE 400-Mc AMPLIFIER.
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20 mv/cm —a-

| nsec/cm ~—m

a. Input step

20 mv/cm —

| nsec/cm —e

b. Output step for amplifier plus 10-db attenuator.

FIG. 25. STEP RESPONSE OF THE SINGLE-STAGE AMPLIFIER.
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20 mv/Cm ——p=

5 nsec/cm —w

a. Input pulse

20 mv/cm ——a

5 nsec/cm —a-

b. Output pulse for amplifier plus 10-db attenuator.

FIG. 26. PULSE RESPONSE OF THE SINGLE-STAGE AMPLIFIER.
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40 mv/cm —e

5 nsec/cm —-»-
a. Positive output

—s—— 200 mv/cm

5 nsec/cm —=
b. Negative output

FIG. 27. DYNAMIC RANGE OF THE SINGLE-STAGE AMPLIFIER. Input pulse
varied in 3-db increments in both (a) and (b).
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~

10 mv/cm —e=

| nsec/cm —e

a. Input step

10 mv/cm —=

I nsec/cm —aom

b. OQutput step for amplifier plus 30-db attenuator

FIG. 29. STEP RESPONSE OF THE THREE-STAGE AMPLIFIER.
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~a— |0 mv/cm

5 nsec/cm —ao=

a. Input pulse

10 mv/cm ——e

5 nsec/em ~ —-

b. Output pulse for amplifier plus 30-db attenuator

FIG. 30. PULSE RESPONSE OF THE THREE-STAGE AMPLIFIER.
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50 mv/cm —e=

- 200 mv/cm

FIG.

a.

5 nsec/cm —e=

Positive output pulse for 8 values of input pulse
differing in amplitude by 3 db

b.

31.

5 nsec/cm —mwm

Negative output pulse for Il values of input pulse
differing in amplitude by 3 db

DYNAMIC RANGE OF THE THREE-STAGE AMPLIFIER.
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Ft. Monmouth, N.J.
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Otfice, Chief of Res, and Dev't

Dept1, of the Army

3045 Columbia Pike

Arlington 4, VYa,

Attn: L.H, Geiger, Res. Planning Div.

-

Office of the Chief of Engineers
Chief, Library Branch

Dept. of the Army

¥ashington 25, D,C,

-~

Office of the Ass't Sec'y of
Defense (AE)

Pentagon, Room ID-984

washington 25, D,C.

-

Chief of Staff
U.S, Asr Force
washington 25, 0,C,
Attn: AFDRT-ER

~

U.S, Army Signal Liaison Office
ASD

%right-Patterson AFB, Ohio
Attn: As:DL - 9

-

Commander
Aeronsutical Systems Div,
¥r.ghi-Patterson AFB, Ohio

1 Attn: ASRNE-2, Mr, D, R, Moore
1 Attn: ASRNRS-2
2 Attn: ASRNEN
1 Attn: ASRNE -32
1 Attn: ASAPT
1 Attn: ASAPR
1 Attn: WWKHC-*%. MNergulis
1 Attn:  ASNX&:
Commandant

A Institute of Technology
wright-Patterson AFB, Chio
Attn: AFIT-Library

-

DFLL, Lib. Of:i.cer
LZAF Academy
U"AF Academy, Colorado

-

Execu* ve Director

dir Force Office of
Sciert:fic Research

»asninglon z3, D.C.

Attu,  Code LXPP

At*n: Cod: SREE

-

Office of :cientific Res.
Dept. of the Air torce
Washington 25, D.C.
Attn: 3RGL

"

AFWL, (wiL)
Kirtland AFB, N, M.

w

Director, Air Univ., Library
Maxwell AFB, Alabama
Attn: CR 4582

-

AFSC Liaison Office

Los Angeles Area

Attn: Lt, Col. A.A, Konkel
6331 Hollywood Blvd,
Hollywood 28, Calif,

-~

Hq. USAF (AFRDR-NO-3)

The Pentagon

Attn: Harry Mulkey
Rm 4D 335
Washington 25, D.C.

-
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Air Force Systems Commsnd

Scientific and Tech, Liaison
Oftice

111 E, 16th St,

New York 23, N.Y,

School of Aerospace Medicine

USAF Aerospace Medical Div,
(APSC)

Attn: SMAP, Brooks AFB, Texas

Comanding General

Rose Air Lev't, Center

Griffiss AFB, Rome, N.Y,

Attn: RCWID, Ma), B.J, Long

Atin: RCIMA, J. love

Commanding General

Alr Force Cambridge Res. Labs.
Air Res. and Uev't, Commsnd
L, G. Hanscom Field

Bedford, Mass.

Attn: CRTOTT-2, Electronics
Attn: Elec. Res. Lab, (CRR)
Attn: Chief, CRRB

Attn: Dr. H,H. Zschirnt

Computer and Mathematical
Sciences lab,

Headquarters, AF:C
Attn:  SCTAL
Andress AFB,
washington 25, UL.C.

Ass't Sect. of Lefense (Research
and Dev't

Dept. of Defense

Washington 25, D.C.

Attn:  Technical Library

Office of Director of Defense
Research and Engineering
Dept. o Lefense

Washingier 25, D.C.

Nat'l Aeronautics and Space
Adnin.

Goddard Space Flight Center

Greenbelt, d.

Atin: Chie’, Natz Sysiems Div.

Nat'l Aeronautics and Space
Admin,

George C. Marshall Space
Flight Certer

Huntsville, Alabama

Attn: M-G and C-R

Federal Aviation Agency

Bureau of Res. and Dev't

“washington 25, D.C.

Attn: RD-40651, Mr, Harry
Hayman

Ass’t of Sect. of Defense for
Res. and Engineering

Information Office, Library Br.

Pentagon Bldg.

washington 25, D.C.

Dept. of Defense

Defense Communications Agency
Washington 25, D.C.

Attn: 121A, Tech. Lib.

Institute for Defense Analyses
1666 Connecticut

Washington 9, D.C,

Attn: W,E, Bradley

-

~

20

-

-

-

b

~ il i *~ -

-

David Taylor Model Basin
Washington 7, D,C.
Attn: Tech. Lib,, Code 142

U.S, Coast Guard
1300 £, Street, N.W,
Washington 25, U.C,
Attn: EEE

Advisory Gruup on Llectron
Devices

346 Broadway, Bth Floor Last

New York 13, N.Y.

Atin: Harry Sullivan

¢ (TISIA)
Caperon Station
Alexandria, Va,

Census Bureau

Washington 25, D.C,

Attn: Office of Ass't. Dir.
for Statistical Services
J. L. McPherson

Program lLirector
Engineering scction
Nat'l Science Foundation
Washingtor 25, U.C,

Coamanding Ufficer

Dismond Ordnance Fuze Labs.

#ashington 25, L.C.

Attn: ORLUTL 930, Lr, K.1, Young

Attn: Library

Attn: ORDTL-4530-638, “r. k. H.
Comyn

Nat'l Bureau of Standards

washington 25, .C, -
Attn: R.D, Elwourn

Attn: Nr, 5.7 Alexander

Attn:  Librar: -

L.s, Dept. ol Commerce
Nat'l Bureau of >tandards
Boulder Labs,

Central Radio Propagatior
Boulder, Coloredo

Lab,

U.S. bept. of Commerce

Nat'l Bureau of Standards

Boulder Labs,

Boulder, Colorade

Attn: Miss J. Lincoln, Chaef
Radio Warning Services
Section

Director, Nat'l Security Agency
Ft. George G. Mcade, Md.

Attn: R31

Attn: R42

Attn: Howard Campaigne

Attn: C3/TDL, Rm. 2CU87, Tech, Doc.

Chief, U.S. Army Security Agency
Arlington Hall Station
Arlington 12, Va,

Central Intelligence Agency
2430 E, St., W
Washingion, D.C,
Attn: A, Borel
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UNIVERSITIZS

School of Engineering
Sciences

Arizons State University

Tempe, Arizons

University of Arizons

Zlec., Ingr. Dept,

Tucson 38, Arizons

Attn: Robert L, walker

Attn: Dr, Douglas J. Hamilton

Jet Propulsion Lab,

Calif, Inst. of Technology
4800 Osk Grove St,
Pasadena 3, Calif,

Attn: Library

Univ, of Calif,

Elec. Engineering Dept.
Berkeley 4, Calif,

Attn: Prof. R.M, Saundersd¥<Chm,

Univ. of Calif,

Radiation Lab.

Information Uiv,, Bldg. 30,
Rooms 101

Berkeley, Calif,

Attn: Dr. R.K, Wakerling

Univ; of Calif.
Lawrence Radiation Lab.
P.O, Box 808
Livermore, Calif.
Attn: Tech. Info. Div,

Univ, of Calif. at Los Angeles

Los Angeles 24, Calif,

Atin: Dept of Engineering
Prof, Gerald Estrin

Attn: Electromagnetics Div.,
R.S. Elliott

Attn: C.R. Viswanathan,
SS Electr. lab,

Univ, of Chicago

Institute for Computer Research
Chicago 37, Illinois

Attn: Nicholas C. Metropolis

Columbia University

New York 27, N.Y,

Attn: Dept. of Physics
Prof. L. Brillouin

Attn: Columbia Radiation Lib.

Cornell University

Cognitive Systems Res. Program

Hollister Hall

Ithaca, N.Y.

Attn: F. Rosenblatt

Univ., of Florida

Dept. of Elect, Engr.

Rm, 336, Engineering Bldg.
Gainesville, Florida
Attn: M,J. Wiggins

George Washington Univ.
Washington, D.C.
Attn: Prof. N, Grisamore

Drexel Inst, of Tech.
Dept, of Elect. Engr.
Philadelphia 4, Pa,
Attn: F.B, Haynes

Georgia Inst, of Tech,
Atlanta, Ga,

Attn: Mras. J.H. Crosland
Librarian
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Harvard University

Technical Reports Collection

Rm, 303A, Pierce Hall

Cambridge 38, Mass,

Attn: Mrs, Ilizabeth Parkas,
Librarisn

Harvard University

Pierce Hall 317

Cambridge 38, Mass,

Attn: Div. of Engineering and
Applied Physics
Dean Harvey Brooks

Univ. of I11,

Elect, Engineering Res, lab,
Urbena, 111,

Paul D, Coleman, Rm. 218
Atta: William Perkins

University of I11.

Digital Computer Lab.
Urbans, 111,

Attn: Dr, J, E, Robertson

Univ. of 111,

Coordinated Science Lab.
Urbana, 111,

Attn: Prof, D:niel Alpert

Univ, of 111.
Library Serisls Dept.
Urbana, I11,

Univ, of 111,

Dept. of Physics
Urbans, I11,

Attn: Dr. John Bardeen

Johns Hopkins Univ.
Applied Physics Lab,
8621 Georgia Ave.
Silver Spring, Md.

Attn: AW, Nagy

Attn: N.H. Choksy

Attn: Document Library

Attn: Supervisor of Tech,
Reports

Carlyle Barton Labs.
Johns Hopkins Univ.
Charles and 34th Sts.
Baltimore 18, Md.
Attn: Librarian

Linfield Research Inst,
McMinnville, Oregon
Attn: Guy N, Hickok, Dir,

Marquette Univ,

Dept. of Elect., Engr.
1515 ¥, Wisconsin Ave,
Milwaukes 3, Wis.

Attn: Arthur C, Moeller

State Univ. of lowa

Dept, of Electrical Engineering
Iowa City, lows

Attn: Prof, Donald L. Epley

M 1T,

Cambridge 39, Mass.

Research Lab, of Electronics
(Document Rm. 26-327)

Lab, of Insulation Research

Miss Sils, Librarian, Rm 4-244

Lincoln Lab,

M I.T.

P.O. Box 73

Lexington 73, Mass,

Attn: Dr, Walter I, Wells

Attn: Library
Attn: Navy Representative
Attn: Kenneth L. Jordan, Jr.
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Dynamic Anslysis and Control Lab,
N, 1.T,

Rm, 3-487

Cambridge, Mass,

Attns D, M, Baumann

Director, Cooley Electronics
lab,, N, Campus

Univ, of Mich,

Ann Arbor, Mich,

Univ, of Mich,

Dept, of Elect, Engr.
3503 E, Engineering Bldg.
Ann Arbor, Mich,

Attn, Prof. Joseph E, Rowe

Univ, of Mich.

180 Frieze Bldg.

Ann Arbor, Mich,

Attn: Dr. Gordon E, Peterson,
Dir. of Communication
Science Lab,

Univ. of Mich,

Inst, of Science and Tech.
Ann Arbor, Mich.

Atin: Tech, Documents Service

Univ, of Minn,

Dept. of Elect, Engr.

Inst., of Tech,

Minnespolis 14, Minn,

Atta: Prof. A. Van der Ziel

Univ. of Nevads

College of Engineering

Reno, Nev.

Attn: Dr, Robert A. Manhart,
Cha, Elect, Engr. Dept,

New York University

University Heights

New York 53, N.Y,

Attn: Dr. J. H, Mulligan, Jr.
Chm, of EE Dept.

New York University
Solid State Lab.

4 Washington P1,

New York 3, N.Y,

Attn: Dr. H, Kallmann

Northwestern Univ,
Aerial Measurements Lab.,
2422 Oakton St,
Evanston, Il11,

Attn: Walter S, Toth

North Carolina State College
Dept. of E.E.
Raleigh, N.C,
Attn: Prof. Robert W, lLade

Univ. of Notre Dame
Elect, Engr. Dept.
South Bend, Indiana
Attn: Eugene Henry

Ohio State University
Dept. of Elect, Engr.
Columbus 10, Ohio

Attn: Prof, E.M, Boone

Oregon State Univ,
Dept. of Elect. Engr.
Corvallis, Oregon
Attn: R,J, Oorthuys

Univ, of Pennsylvania
Moore School of E.E,
200 8, 34th St.
Philadelphia 4, Pa,
Attn: Miss A,L, Campion

Solid state
-3- 2/e4



-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Polytechnic Institute
Elect, Engr. Dept.
333 Jay St

Attn: Leonard Shaw

Polytechnic Inst. of Brooklyn
Graduate Center

Rt. 110

Faraingdale, N.Y,

Attn;  Librarisn

Princeton Univ,

Elect, Engr, Dept,
Princeton, N,J,

Attn: Prof, F.S. Acton

Research Inst, of Advanced
Studies

7212 Bellona Ave,

Baltimore, Md,

Attn: Dr. R.E. Kalman

Purdue Univ,
Elect, Engr. Dept,
Lafayette, Ind,
Attn: Library

Rensselaer Polytechnic

Institute
Library---Serials Dept.
Troy,. N.Y.

Univ, of Rochester

Gavett Hall

River Campus Station
Rochester 20, N,Y,

Attn: Dr. Gerald H. Cohen

VARS]1 Library
Univ, of Santa Clara
Santa Clara, Calif,

Stanford Research Inst,
Menlo Park, Calif,
Attn: External Reports G-037

Stanford Research Inst,
Computer Lab.

Menlo Park, Calif,
Attn: H,D, Crane

Syracuse University

Dept, of Elect, Engr.
Syracuse 10, N.Y.

Attn: Dr, Stanford Goldman

Univ, of Tennessee
Dept. of E.E,
Ferris Hall
Knoxville, Tenn,

Texas Technological College

Lubbock, Texas

Attn: Dir, Inst, of Science
Engineering, Office of
Dean of Engr.

Univ, of Utah

Electrical Engineering Dept.
Salt Lake City, Utah

Attn: Richard W, Grow

villanova Univ.

Dept. of Elect, Engr.

Villanove, Pa,

Attn: Thomas C, Gabriels,
Asst, Prof,

Univ. of Virginia

Charlottesville, .

Attn: J.C. Wyllie, Alderman
Library
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Wayne State University

Detroit, Mich.

Attn: Prof, Harry Josselson
Dept., of Slavic Languages

Engineering Library
Yale University
New Haven, Conn,

Sloane Physics Lab.
Dept. of Elect. Engr.
Dunham Lab.

INDUSTRY

Admiral Corporation

3800 Cortland St,

Chicago 47, Il1,

Attn: E.N, Roberson, Librarian

Airborne Instruments Lab,

Comac Road

Deer Park, L.I., New York

Attn: John Dyer, Vice Pres.
and Tech, Director

Amperex Corporation

230 Duffy Ave,

Hicksville, L.1., New York
Attn: S, Barbasso, Proj. Eng.

Auerbach Corp,
18634 Arch sSt,
Philadelphia 3, Pa,

Autonetics

Div, of N. American Aviation
9150 E. Imperial Highway
Downey, Calif,

Attn: Tech, Library 3040-3

Bell Telephone Laboratories
Murray Hill Labs,

Murray Hill, N.J,

Attn: Dr. J.K, Galt

Attn: Dr, J. R. Pierce
Attn: Dr, S, Darlington
Attn:  A,J, Grossmann
Attn: Dr. M, Sparks
Attn: A, J. Morton
Attn: Dr, R. M. Ryder

Bendix Corp.

Research Labs, Division
Southfield (Detroit), Mich,
Attn: A.G, Peifer

Benson-Lehner Corp,
14761 California St.
Van Nuys, Calif.
Attn: George Ryan

Boeing Scientific Res, Labs,
P.0. Box 3981

Seattle 24, Wash.

Attn: Dr, E,J, Nalos

Bomac lLaboratories, Inc.
Beverly, M
Attn:

Research Library

Columbia Radiation Lab,
538 W, 120th St,
New York, N.Y,

Convair-San Diego
A Div, of Gen, Dynamics Corp.
San Diego 12, Calif,
Attn: Engr. Library
Mail Zone 6-157

Cook Research Labs,
6401 W, Oakton St,
Morton Grove, I11,
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Cornell Aeronsutical Lab,
4458 Geneses St,

Buffalo 21, N.Y,

Attn: D.K, Plummer
Attn: Library

Eitel~McCullough, Inc,
301 Industrial Way

San Carlos, Calif,
Attn: Research Librarian
Attn: W,R, Luebke

Electro-Optical Instruments, Inc.
125 N, Vinedo

Pasade Calif,

Attn: I, Weiman

Fairchild Semiconductor Corp.
4001 Junipero Serra Blvd.
Palo Alto, Calif,

Attn: Dr, V,H, Grinich

General Electric Co,
Defense Electronics Div,, LMED
Cornell Univ,
Ithaca, N.Y,
Attn: Library
VIA: Commander
Aeronautical Systems Div,
Wright-Patterson AFB, Ohio
Attn: ASRNC-3
Donald E. Lewis

General Electric TWT Product Sect.
601 Calif. Ave,

Palo Alto, Calif.

Attn: C,G, Lob

Attn: Tech, Library

General Electric Co.

Research Lab.

P.O, Box 1088

Schenectady, N.Y.

Attn: Dr. Ph.iip M. Lewis

Attn: V,L, Newhouse
Applied Physics

General Electric Co,

Electronics Park-Bldg, 3

Room 143-1

Syracuse, N.Y,

Attn: Documents Librarian
(Yolnndl Burke)

General Electric Co,

Schenectady 5, N.Y,

Attn: Library, LME Dept.
Bldg. 28-501

General Telephone and
Electronics Labs,, Inc,

Bayside 60, N,Y.

Attn: Louis R. Bloom

Gilfillan Brothers

1815 Venice Blvd,

Los Angeles, Calif.

Attn: Engineering Library

Goddard Space Flight Center
Code 611
Greenbelt, Md,

The Hallicrafters Co,
5th and Kostner Ave.
Chicago 24, 111,

Hewlett-Packard Co.
1501 Page Mill Rd.
Palo Alto, Calif,
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Hotfman Electronics Corp.
Semiconductor Div,

1001 Arden Dr.

Il Monte, Calif,

Attn: P,N, Russel, Tech, Dir.

Hughes Aircraft Co,
Florenoce at Tesle St.
Culver City, Calif,

Attn: Tech. Library
Bldg. 6, Rm, C2048
Attn: Solid-State Group-M 107
Attn: Tech, Doc. Ctr,, Bldg. 6,
Mail Station E-110
Attn: B.J, Forman

Antenns Dept,, Res, and
Dev. Labs.

HRB Singer

Science Park

P.0. Box 80

State College, Pa.

Attn: Tech., Info. Center

Hughes Aircraft Co.

Bldg. 6, Mail Station E-150

Culver City, Calif,

Attn: A.S. Jerrems,
Aerospace Group

Hughes Aircraft Co.
Semiconductor Div.
P.O. Box 278

Newport Beach, Calif,
Attn: Library

Hughes Atircraft Co.

Bldg, 604, Mail Station C-213

Fullerton, Calif.

Attn: A, Eschner, Jr,
Ground Systems Group

Hughes Aircraft Co.

3011 Malibu Canyon Rd.
Malibu, Calif,

Attn: H.A. Iams, Res. Lab,

International Business Machines
Product Development Lab,
Poughkeepsis, N.Y,

Attn: E.M, Devis - {Dept, 362)

International Business Machines
Data Systems Div,

Box 390, Boardman Rd.
Poughkeepsie, N.Y.

Attn: J.C, Logue

IBM Research Library
Box 218
Yorktown Heights, N.Y.

International) Business Machines
San Jose, California
Attn: Majorie Griffin

ITT Federsl Labs,

500 Washington Ave,

Nutley, N.J,

Attn: Librarian, Ellis Mount

Lab, for Electronics, Inc,
1079 Commonweslth Ave,
Boston 15, Mass.

Attn: Dr. H, Fuller
Attn: Library

LEL, Inc.

7% Akron St.

Copiague, L.1,, N.Y,
Attn: Robert S, Mautner

Lenkurt Electric Co,
San Carlos, Calif,
Attn: M.L, Waller, Librarisn

™

Librascope, Div, of General
Precision, Inc,

808 Western Ave.

Glendale 1, Calif,

Attn: Engineering Library

-

Lockheed Missile and Space Co,
Dept, 87-33, Bldg. 324

P.0. Box 804

Sunnyvale, Calif,

Attn: G.W, Price

-

Lockheed Missile and Space Co.

Dept. 67-34, Bldg, 520

P,0, Box 504

Sunnyvale, Cslif,

Attn: Dr, W,M, Harris, Dev't,
Planning Staff

™

Lockheed Missiles & Space Co.
Rm. 39-34, Bldg. 102

P.0. Box 504

Sunnyvale, Calif,

Attn: Stephent Paine

-

Lockheed Missile Systems Co.
Sunnyvale, Calif,
Attn: Tech. Info. Ctr, 50-14

-

Lockheed Missile and Space Co,

Palo Alto, Calif,

Attn: M.E, Browne-Dept. 53-40
Bldg. 202

-

The Martin Co.

P.O. Box 5837

Orlando, Florida

Attn: Engr. Library M,P, 30

-~

Marquardt Aircraft Corp,

16533 Saticoy St.

P,0. Box 2013, -South Annex

Van Nuys, Calif,

Attn: Dr, Basun Chenge
Research Scientist

-

Mauchley Associates
50 E. Butler
Amplar, Pennsylvania

-

Melpar, Incorporated
Applied Science Div,
3000 Arlington Blvd,
Falls Church, Va.

1 Attn: Librarian

Micro State Electronics Corp.
Attn: A,L, Kestenbaum
153 Floral Ave.
Murray Hill, N.J,

=

Microwave Assoc,, Inc,

North West Industria}l Park
Burlington, Mass.

Attn: Dr, Kenneth Mortenson
Attn: Librarian

-

Microwave Electronics Corp.
3185 Porter Drive

Palo Alto, Calif,

Attn: Stanley F, Kaisel
Attn: M,C, Long

-

Minneapolis-Honeywell Regulator
Company

Semiconductor Library

1177 Blue Heron Blvd,

Riviera Beach, Florida

The Mitre Corporation
Bedford, Mass,
1 Attn: Library
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Monsanto Chemicsl Co,

800 N, Lindbergh Blvd,

8t. Louis 68, Mo,

Attn: Edward Orban, Ngr,
Inorganic Development

Motorola, Semiconductor Prod. Div,
8008 R, MoDowell Rd,

Phoenix, Aris.

Attn: Dr. A, Lesk

Attn: Peter B, Myers

Motorola, Inc,
8330 Indiana Ave,
Riverside, Calif,
Attn: R,E, Freese
Tech, Info, Analyst

Nat'l Biomedical Inst,
8600 16th 8t,

Silver Spring, Md.
Attn: Dr, R,S. Ledley

Nortronics

Palos Verdes Research Park
68101 Crest Rd.

Palos Verdes Estates, Calif.
Attn: Technical Info, Agency

Pacific Semiconductors, Inc,
14520 S, Aviation Blvd,
Lawndale, Calif.

Attn: H.Q, North

Dr. Alex Mayer, Ass't Dir.
Applied Res, Lab,

Philco WDL

3875 Fabian Way

Palo Alto, Cslif.

Philco Corp.

Tech, Rep. Div.

P.O. Box 4730

Philadelphia 34, Pa,

Attn: F,R, Sherman, Mgr, Editor
Philco Tech. Rep, Div,

BULLETIN

Philco Corp,

Lansdale Div.

Church Rd,

Lansdale, Ps.

Attn: John R, Gordon

Philco Scientific Lab,
Blue Bell, Pa,

Attn: Dr, J.R, Feldmeier,
Assoc. Dir. of Research

Attn: C.V, Bocciarelll

Attn: C.T, McCoy, Res, Advisor

Polarad Electronics Corp.

43-20 Thirty-Fourth St,

Long 1sland City 1, N,Y,

Attn: A.H, Sonnenschein
Ass't to the President

RCA, Surf. Comm, Div,

Front and Msrket Streets

Bldg. 17-C-6

Camden, N.J,

Attn: K.K. Miller, Mgr.
Minuteman Project Of,

RCA Labs,

Princeton, N.J,

Attn: Harwick Johnson
Attn: Dr. W.M, Webster

RCA

Bldg., 108-1M
Moorestown, N,J,
Attn: H.J, Schrader
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The Rand Corp.

1700 Main 8t,

Sants Monica, Calif,

Attn: Lib,, Helen J, Waldron

Attn: Computer Science Dept.
Willis H. Ware

-

Raytheon Co.

Microwave and Power Tube Div,
Spencer Lab,

Burlington, Mass.

Attn: Librarian

-

Raytheon Manufacturing Co.
28 Seyon St.

Research Div,

Waltham, Mass,

Attn: Dr, Herman Statz
Attn: Librarian

-

Raytheon Corp.
Waltham, Mass,
Attn: Dr. H. Scharfman

-

Roger White Electron Devices,
Inc.

Tall Oaks Rd, Laurel Ledges

Stamford, Conn,

™

Space Technology Labs, Inc.
One Space Park
Redondo Beach, Calif,
Attn: Tech, Library
Doc. Acquisitions

Space Tech, Labs., Inc.
Physical Research Lab,
P.0. Box 95002

Los Angeles 45, Calif,
Attn: D, Fladlein

-

Sperry Gyroscope Company

Div. of Sperry Rand Corp.

Great Neck, N.Y.

Attn: Leonard Swern (M.S.3T108)

-

Sperry Microwave Electronics Co.
Clearwater, Florida
Attn: John E, Pippin,

Res. Section Head

-

Sperry Electron Tube Div,
Sperry Rand Corp.
Gainesville, Florida

-

Sylvania Electronic Defense lab.
P.O, Box 205
Mountain View, Calif,

-

Sylvania Electric Products, Inc,
500 Evelyn Ave,
Mt. View, Calif.

-

Sylvania Electronics System
Waltham Labs.

100 Firat Ave.

Waltham 34, Mass,

Attn: Librarian

Attn: Ernest E. Hollis

-

Technical Research Group
Syosset, Long lsland, N.Y,

-
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Texas Instruments Incorporated
Apparatus Div,

P.0, Box 6015

Dallas 22, Texas

Attn: M.E, Chun

Texas Instruments, Inc.
Semiconductor~Components Div,
P.0. Box 5012
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